Abstract. The vertex set of a digraph D is denoted by V (D).
Terminology
In this paper all digraphs are finite without loops and multiple arcs. 
Introduction and preliminary results
There is an extensive literature about the existence of complementary cycles in digraphs. In 1985, Reid investigated 2-connected tournaments. In this class of digraphs he found an example of a 3-connected regular tournament with seven vertices, which is not cycle complementary.
Example 2.1 (Reid [4] ). Let T 7 be the 3-regular and 3-connected tournament presented in Figure 1 . Then it is well-known that T 7 doesn't contain a 3-cycle C 3 and a 4-cycle C 4 such that V (T 7 ) = V (C 3 ) ∪ V (C 4 ).
The tournament T 7 is the sole exception of a 2-connected tournament with at least 6 vertices that is not cycle complementary. [4] ). Let T be a 2-connected tournament with at least n ≥ 6 vertices. Then either T contains a 3-cycle and an (n − 3)-cycle which are vertex disjoint or T is the 7-tournament T 7 .
Theorem 2.2(Reid
In 1993, Song [5] extended this result. The problem of complementary cycles in multipartite tournaments is much more difficult to analyze than in tournaments. This is why up to now only regular multipartite tournaments were considered. Even not all digraphs of this class are cycle complementary as the following example demonstrates.
be the partite sets of the 2-connected 3-partite tournament D 3,2 presented in Figure  2 . Then it is a simple matter to verify that D 3,2 doesn't contain two vertex disjoint cycles.
In 2004, Volkmann [8] proved the following result for regular multipartite tournaments. This theorem could make believe that the following conjecture of Yeo [11] is valid. In [10] , Volkmann showed that this conjecture is valid for t = 3 with exception of three special digraphs. Moreover, in this article and in [9] he treated the case that t = 4 in Conjecture 2.6. And in a recent article Korneffel, Meierling, Volkmann and Winzen [3] have shown that Conjecture 2.6 is true for t = 5.
There is still another unsolved conjecture by Volkmann [7] concerning complementary cycles. Using the weaker Definition 2.8 of cycle complementarity it is possible to characterize k-connected multipartite tournaments which are weakly cycle complementary. Especially, in this article we will prove that a 3-strong c-partite tournament D with c ≥ 3 and at least six vertices is weakly cycle complementary unless D is isomorphic to T 7 in Figure 1 . The following results play an important role to prove this characterization. In the following we call a cycle containing the vertex x 0 and vertices from all partite sets of a multipartite tournament a GodOel-cycle C(x 0 ). Theorem 2.13(Tewes, Volkmann [6] ). If D is a non-strong c-partite tournament with the partite sets To prove this theorem we distinguish different cases. 
] is a non-trivial strong component and If we arrive at the vertex v j of a GodOel-cycle C j , then we walk along the cycle until we reach the vertex v − j and then we pass over to a vertex of the next component. In the case that the next component is an independent set of vertices that belong to the same partite set as v These two cycles lead to a contradiction to our assumption that D is not weakly cycle complementary. 
Assume that x t is on the oriented path along C 1 from x m to x s and that y m is on the path along C 2 from y s to y t . Then we have one of the cycles
Let this cycle be called C 1 . If we are not in the case that x 2 and C 1 , which contain vertices from all partite sets of D, a contradiction.
Hence, let x
. Now we have one of 3 . This cycle and C 1 are weakly complementary cycles, a contradiction.
This cycle and C 1 are weakly complementary cycles a contradiction.
. But this implies that |V (C 1 )| = |V (C 2 )| = 3 and C 1 and C 2 consist of vertices from the same partite sets. Consequently we arrive at the weakly complementary cycles C 1 and C, also a contradiction.
Subcase 1.2.1.2.
Assume that x t is on the path along C 1 from x s to x m and that y m is on the path along C 2 from y s to y t . Then there is one of the cy- 3 . This cycle and C 1 are weakly complementary cycles, a contradiction.
Subcase 1.2.1.3.
Assume that x t is on the path along C 1 from x s to x m and that y m is on the path along C 2 from y t to y s . Then there is one of the cycles 
This cycle and C 1 are weakly complementary cycles, a contradiction.
This cycle and C 1 are weakly cycle complementary.
. This is possible only if |V (C 1 )| = |V (C 2 )| = 3 and both cycles contain vertices from the same partite sets. Consequently, we deduce that C and C 1 are weakly complementary cycles, a contradiction.
Subcase 1.2.1.4.
Assume that x t is on the path along C 1 from x m to x s and that y m is on the path along C 2 from y t to y s .
Then 
This cycle and C 1 are weakly complementary cycles, a contradiction. If x j ∈ V (v 1 ), then D contains the weakly complementary cycles C and C 2 , also a contradiction.
Hence, it remains to treat the case that
, then C and C 2 are two weakly complementary cycles a contradiction. Consequently, let 
, then C and C are two weakly complementary cycles, a contradiction. 
Because of κ(D) = 3 we observe that there are three pairwise non-incident arcs leading from 
If we pass the vertices of V (C ) along its orientation, then, without loss of generality, let this three vertices be appear in the order x p1 , x p2 , x p3 such that p 1 
) and with Claim 1 we conclude that x p 1 −2 → x p 3 −1 . Now we observe that D contains the weakly complementary cycles
This immediately yields that l ≤ 6. 
In this case let k and l be chosen such that k − l is minimal. Obviously, D contains the cycle 5 } is strongly connected implies that there is an arc leading from v 3 to {v 
) and thus, as seen above, The following example presents two 2-strong c-partite tournaments with c ≥ 3 and at least 6 vertices that even do not contain two vertex disjoint cycles, and thus no weakly complementary cycles. Since the authors found some more 2-strong multipartite tournaments with this property it may become difficult to characterize all 2-strong multipartite tournaments that are weakly cycle complementary. Nevertheless it would be interesting to solve this problem. 
